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FOREWORD 
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report  was  submitted  for  initial  review  on  3  November  1972,  and  for 
final  editing  on  3)  November  1972. 

The  animals  involved  in  this  study  were  maintained  in  accordance 
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13  ABSTRACT 


Tests  were  performed  to  determine  the  effect  of  3050  MHz  radio- frequency  radiation 
on  cardiac  pacemakers.  Five  pacemaker  models  were  implanted  in  larqe  deqs  and  tested 
in  each  of  two  laboratories.  The  electrocardiographs  of  each  animal  were  continuous¬ 
ly  monito  ed  for  various  exposure  conditions. 

Most  of  the  pacemakers  exhibited  some  electromagnetic  radiation  interference  (EMI) 
under  certain  conditions  of  these  tests.  The  most  sensitive  unit,  of  those  tested, 
cut  off  at  ^100  V./m.  at  pulse  repetition  frequencies  less  than  -v35  pps— while  one 
pacemaker  exhibited  no  effects  from  EHI  throughout  these  tests. 
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ABBREVIATIONS 


bpm 

beats  per  minute 

cm. 

centimeter(s) 

rvi 

continuous  wave 

ECG 

electrocardi ograph 

E-field 

electric  field  (V./m.) 

EMI 

electromagnetic  radiation  interference 

PI 

frequency  modulation 

GIT 

Georgia  Institute  of  Technology 

Hz 

Hertz 

kq. 

kilogran(s) 

kHz 

kilohertz 

MHz 

megahertz 

nsec. 

microsecond(s) 

msec. 

millisecond(s) 

m. 

milliwatt(s) 

nps 

pulse(s)  per  second 

prf 

pulse  repetition  frequency  (rate) 

V./m. 

volts  per  meter 

WRAIR 

Walter  Reed  Army  Institute  of  Pesearch 
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CARDIAC  PACEMAKER  ELECTROMAGNETIC  INTERFERENCE  (3050  MHz) 


I.  INTRODUCTION 

To  assess  the  effects  of  radio- frequency  electromagnetic  radiation 
on  cardiac  pacemakers,  a  series  of  tests  are  being  performed  at  the  USAF 
School  of  Aerospace  Medicine  (SAM).  This  report  describes  results  ob¬ 
tained  at  two  different  test  sites:  the  U.S.  Army  Walter  Reed  Arm>/ 
Institute  of  Research  (WRA1R)  Microwave  Laboratory,  Silver  Sorinns, 
Maryland;  and  the  Georgia  Institute  of  Technology  (GIT)  Engineering 
Experiment  Station,  Atlanta,  George. 

For  tests  conducted  at  the  3050  MHz  frequency,  each  of  five  pace¬ 
makers  was  implanted  in  anesthetized  dogs  weighing  18  -  20  kg.,  respective¬ 
ly.  As  part  of  the  surgical  implant  procedure,  an  amount  of  10%  buffered 
formalin  solution  adequate  to  produce  a  total  atrioventricular  block  was 
injected  in  the  bundle  of  His.  Mo  tests  were  conducted  during  the  2  weeks 
after  surgery. 

For  the  tests  performed  at  GIT,  the  3050  MHz  microwave  radiation 
signal  was  square-wave  modulated  with  a  125  psec.  pulse  width.  The 
pulse  repetition  frequency  (prf)  was  continuously  variable  from  13  -  400 
pulses  per  second  (ops),  and  the  maximum  field  strenqth  obtained  was 
365  volts  per  meter  (V./m.)  The  exposures  were  conducted  in  an  anechoic 
chamber  energized  by  a  circularly  polarized  log  spiral  antenna. 

At  WRAIR,  the  exposure  characteristics  included  continuous  wave 
(CW),  sine  wave  half-wave  rectified,  and  square-wave  modulated  signals. 

The  only  prf  used  for  the  half-wave  rectification  mode  was  120  Hz.  How¬ 
ever,  many  different  nulse  width  and  repetition  rate  combinations  were 
investigated  in  the  study  of  the  square-wave  modulation  effects.  These 
exposures  were  conducted  in  an  anechoic  chamber  enerqized  by  a  pyramidal 
horn,  and  the  maximum  field  strength  obtained  was  400  V./m. 

II.  TEST  PROCEDURE 

Immediately  before  the  tests,  13  mg.  oromazine  were  administered 
l.M.  to  the  respective  animal  and,  15  min.  later,  100  mg.  sodium  oento- 
barbital  I.V.  Then  electrocardiographic  (ECG)  silver  disk  electrodes 
were  attached  with  oaste  to  the  thorax,  and  the  animal  was  placed  on  a 
styrofoam  pedestal  in  the  far- field  region  of  the  chamber  and  on  the 
center  line  of  the  radiatinq  device.  Acquisition  of  the  ECG  sional  from 
each  dog  was  accomplished  with  a  frequency  modulated  (FM)  t.elemetrv  sys¬ 
tem  designed  and  fabricated  by  the  Test  and  Evaluatirr  Section,  Medical 
Systems  Division,  USAFSAM.  The  ECG  signal  was  obtained  bv  usino  the 
classic  chest  lead  II,  and  was  amplified  in  the  telemetry  transmitter 
package  by  an  electrocardiographic  amolifier  (Mennen-Greatb.'t:h  model 
621).  The  amplifier  output  was  used  to  modulate  the  freoutnev  of  a 
field  effect  transistor  radio-frequency  oscillator  operation  at  -vllS  MHz. 
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The  oscillator  output  was  inductively  coupled  to  a  ouarter-wave  rod  an¬ 
tenna.  To  minimize  degradation  of  the  ECG  signal  by  the  microwave  field, 
the  input,  amplifier,  and  RF  oscillator  sections  of  the  transmitter  were 
isolated  by  using  electrostatic  shields;  and  all  interconnecting  wires 
were  passed  through  shields  in  bypass  capacitors  or  EMI  filters.  The 
bandpass  of  the  ECG  modulating  signal  was  approximately  0.1-90  Hz. 

A  type  901 A  receiver  (Communications  Electronics,  Inc.),  which  was 
used  to  receive  the  FM  signal,  tunes  from  30  -  300  MHz  with  a  bandvidth 
of  300  kHz.  The  video  output  section  was  modified  to  provide  a  low  *re- 
guency  ECG  signal.  The  receiver  video  output  was  fed  to  a  spectrum 
analog  filter  (type  LH-420),  which  was  set  up  as  a  low  pass  filter  with 
a  high  freguency  cutoff  of  about  100  Hz.  The  filter  output  was  carried 
to  a  Brush  strip-chart  recorder. 

III.  TEST  RESULTS 

In  the  test  results  (tables  I - X I I ) *  are  indicated  the  following 
effects  on  tne  pacemakers  at  the  indicated  power  densities  and  electric 
field  (E-field)  strengths,  and  for  the  parameters  specified: 

No  apparent  change  in  rate 
Intermittent  rhythm  and  rate  changes 
Fixed  rate 

Steady  rate  between  50  and  120  beats  per  min.  (bpm) 

Rate  more  than  120  bpm 
Rate  less  than  50  bpm 
Cutoff  (inhibition) 

The  general  findings  for  the  respective  pacemakers  at  test  freouencv 
3050  MHz  are  summarized  in  the  following  oaraoraphs. 

Medtronic  5842 


This  unit  was  not  affected  bv  3050  MHz  OJ  fields  up  to  360  v./M, 

It  was,  however,  generally  affected  by  the  square-wave  modulated  sinnal 
at  field  strengths  of  approximately  190  V./m.  for  transmitter  orf  values 
from  400  -  18  ops.  The  unit  reverted  from  a  baseline  rate  of  68  bon  to 
a  fixed  rate  of  54  bpm  for  orf  values  greater  than  approximate! v  25  -  35 
ops,  and  was  cut  off  for  the  repetition  rates  which  were  lower.  Little 
if  any  change  occurred  in  EMI  sensitivity  as  the  pulse  width  was  varied 
over  the  range  3  ysec.  -  5  msec. 

General  Electric  A2072D 


This  nacemaker  was  unaffected  by  the  exposure  conditions  used  in 
these  tests. 


*Editor's  Note:  All  tables  nrouped  at  the  close  of  this  report. 
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American  Optical  261013  (Mon,  polar) 

This  unit  was  not  affected  in  the  GIT  exposures;  but,  during  tests 
at  WRAIP,  the  pacer  exhibited  a  gradual  decrease  in  rate  from  54  bpm 
(baseline  rate)  to  42  bpm  for  the  CW  exposure.  For  a  Drf  of  120  ops  and 
a  oulse  width  of  5  msec.,  the  baseline  rate  of  54  bpm  gradually  increased 
to  a  maximum  of  72  bpm  as  the  E-field  was  increased.  As  the  pulse  width 
was  decreased  from  5  msec,  to  3  nsec.  at  a  prf  of  120  dds  and  a  field 
strength  of  360  V./m. ,  the  pacer  rate  gradually  decreased  from  72  bpm 
to  its  preexposure  rate  of  54  bpm. 

Cordis  Stanicor 


The  operation  of  this  pacemaker  was  not  affected  bv  CM  exposure  for 
fields  up  to  350  V./m.  For  the  pulsed  mode,  however,  the  unit  "enerallv 
reverted  to  its  fixed  rate  for  field  strength  values  of  approximately 
200  V./m. 

Cordis  Atricor 


As  the  transmitter  orf  was  decreased  from  400  -  18  pps  while  360  V./m. 
was  maintained,  this  pacer  gradually  changed  from  its  normal  rate  of  60  brnn 
up  to  100  bom.  This  change  was  noted  both  at  GIT  for  a  nulse  width  of  125 
usee,  and  at  WRAIR  for  a  1.5  msec,  pulse  width.  The  unit  also  gradually 
increased  ir.  rate  from  60  to  ICO  bpm  as  the  pulse  width  was  decreased  from 
5  msec,  to  3  nsec,  while  maintaining  the  prf  at  120  ops  ana  fie»ld  strergth 
at  360  V./m.  For  repetition  rates  cf  35  and  18  "ps  at  GIT,  the  oacer 
reverted  to  the  hiqhe<r  rate  of  190  bpm  for  field  $ ^^nqths  qreater  than 
300  V./m. 

IV.  CONCLUSIONS 


Although  tnese  emoirical  results  are  based  on  sinqle  test  sarnies, 
they  demonstrate  the  importance  of  prf  in  assessing  the  HI  of  cardiac 
pacemakers  operating  in  the  demand  mode.  The  pacemakers  (whici  are 
commercially  available)  in  the  tests  were  chosen  from  those  most  commonlv 
used  in  1971.  In  qeneral,  after  an  E-field  threshold  level  of  suscenti- 
bilit/  has  been  established,  the  effect  ( i . e . ,  either  reversion  to  fixed 
rate  or  complete  cutoff)  appears  primarily  dependent  on  the  transmitter 
or  EMI  orf.  At  pulse  rates  greater  than  -v35  nos,  those  nacemake**s 
affected  generally  reverted  to  their  fixed  rate.  If  the  oulse  rate 
was  less  than  0.35  pps,  the  pacemaker  generally  cut  off. 
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TABLE  I 


Effects  on  pacemakers  tested  at  3C50  MHz,  400  pps.  and  120  usee 


width  (Georgia  Institute  of  Technol 


Pacemaker 


Effects 


o 

mw./cm.  (V./m.) 


Medtronic 

5842 

General 

Electric 

A2072D 

American 

Optical 

281013 

Cordis 

Stanicor 

Cordis 

Atricor 


No  apparent  change  in  rate 
Cutoff  (inhibition) 


No  apparent  change  in  rate 


No  apparent  chance  in  rate 
Cutoff  (inhibition) 

Fixed  rate 

No  apparent  change  in  rate 


0-0.11  (95) 

0.11  (95)  -  17  (365) 


►  0  -  17  (365) 

0  -  0.49  (197) 

0.49  (197)  -  0.50  (198) 
0.50  (198)  -  17  (365) 

0  -  17  (365) 


TABLE  II 


width  (Georgia  Institute  of  Technology)* 

Pacemaker 

Effects 

prf  (in  pps) 

Medtronic 

5842 

Fixed  rate 

Cutoff  (inhibition) 

400  -  27 

27  -  18  (95  V./m.) 

General 

Electric 

A2072D 

No  apparent  change  in  rate 

American 

Optical 

281013 

No  apparent  change  in  rate 

y  400  -  18 

Cordis 

Stanicor 

Fixed  rate 

Cordis 

Atricor 

Steady  rate  between  50  and  J 
120  bpmf 

*  Transmitter  prf  was  gradually  decreased  from  400  -  18  pps  while  E-field 
was  maintained  at  a  high  level  (365  V./m.)  through  this  test, 
t  Pacemaker  rate  gradually  increased  from  60  -  96  bpm. 


5 


TABLE  III 

Effects  on  pacemakers  tested  at  3050  MHz,  18  pps,  and  125 ^sec.  pulse 
width  (Georgia  Institute  of  Technology) 


Pacemaker 


Effects 


mw./cm.  (V./m.) 


Medtronic  No  apparent  change  in  rate 

5842  Cutoff  (inhibition) 


0  -  0.0054  (95) 

0.0054  (95)  -  0.79  (365) 


American 

Optical 

281013 


No  apparent  change  in  rate 


0  -  0.79  (365) 


Cordis  No  apparent  change  in  rate 

Stanicor  Fixed  rate 


0  -  0.017  (170) 

0.017  (170)  -  0.79  (365) 


Cordis 

Atricor 


No  apparent  change  in  rate 
Steady  rate  between  50  and 
120  bpm 


0  -  0.54  (300) 

0.54  (300)  -  0.79  (365) 


TABLE  IV 


Effects  on  pacemakers  tested  at  3050  MHz,  35  pps,  and  125  j-isec.  pulse 
widtn  (Georgia  Institute  of  Technology) 


Pacemaker 

Effects 

2 

mw./cm.  (V./m.) 

Medtronic 

No  apparent  change  in  rate 

0  -  0.0082  (84) 

5842 

Fixed  rate 

0.0082  (84)  -  1.5  (365) 

General  ^ 

Electric 

A2072D 

>  No  apparent  change  in  rate 

>  0  -  1.5  (365) 

American 

Optical 

281013 

J 

J 

No  apparent  change  in  rate 

0  -  0.031  (164) 

Cordis 

Cutoff  (inhibition) 

0.031  (164)  -  0.032  (166) 

Stanicor 

Fixed  rate 

0.032  (166)  -  1.5  (365) 

No  apparent  change  in  rate 

0  -  0.91  (280) 

Cordis 

Steady  rate  between  50  and 

Atricor 

120  bpm 

0.91  (280)  -  1.5  (365) 
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TABLE  V 


Effects  on  pacemakers  tested  at  3050  MHz,  CW 


alter  Reed  Army  Institute  of  Research 


Pacemaker 


Effects 


mw./cm.2  (V./m.) 


No  apparent  change  in  rate 


Rate  less  than  50  bpm* 


No  apparent  change  in  rate 


0  -  35  (360) 


0  -  32  (350) 


0  -  32  (350) 


*  Pacemaker  rate  gradually  decreased  from  54  -  42  bpm. 
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TABLE  VI 


Effects  on  pacemakers  tested  at  30S0  SHz  and  120  Hz  sine  wave,  half-wave 


rectification  (Walter  ~*er,d  Army  Institute  of  Research 


acemaker 

Effects 

2 

mw./cm.  (V./m. ) 

Cordis 

Stanicor 

Steady  rate  between  50  and 

120  bpm* 

0  -  11  (360) 

Cordis 

Atricor 

No  apparent  change  in  rate 

0-8  (310) 

*  Pacemaker  rate  gradually  increased  from  68  -  75  bpm. 


TABLE  VII 


Effects  or  pacemakers  tested  at  3050  MHz  and  120  pps,  square  wave 
(Walter  Reed  Army  Institute  of  Research) 


Pacemaker 

Effects 

mw./cm.  2  (v./m.) 

Medtronic 

5842 

No  apparent  change  in  rate 
Fixed  rate 

0  -  1.7  (110) 

1.7  (110)  -  16  (350) 

Medtronic 

5842 

No  apparent  change  in  rate 
Cutoff  (inhibition) 

Fixed  rate 

0  -  1  (90) 

1  (90)  -  5  (190) 

£  (190)  -  16  (350) 

General 

Electric 

A207CD 

No  apparent  change  in  rate 

0  -  19  (380) 

American 

Optical 

281013 

Steady  rate  between  50  and 

120  bpm* 

C  -  16  (350) 

Cordis 

Stanicor 

Steady  rate  between  50  and 

1 20  bpmt 

0  -  15  (340) 

Cordis 

Atricor 

No  apparent  change  in  rate 

0  -  16  (350) 

*  Pacemaker  rate  gradually  increased  from  54  -  72  bpm. 
f  Pacemaker  rate  gradualiy  increased  from  68  -  75  bpm. 
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Pacemaker 


Effects 


2 

mw./cm.  (V./m.) 


Medtronic 

5842 

American 

Optical 

281013  >  No  apparent  change  in  rate 

Cordis 

Stanicor 

Cordis 
Atricor  , 


0  -  0.03  (320) 

0  -  0.01  (180) 

0  -  0.03  (320) 

0  -  0.05  (410) 


TABLE  DC 


Effects  on  pacemakers  tested  at  3050  MHz.  360  pps,  and  1 . S  msec,  pulse 
width  (Walter  Reed  Army  Institute  of  Research) 


Pacemaker 

Effects 

mw./cm.  ^  (V./ni.) 

Medtronic 

5842 

No  apparent  change  in  rate 
Fixed  rate 

0  -  1.7  (110) 

>1.7  (110) 

Medtronic 

5842 

No  apparent  change  in  rate 
Cutoff  (inhibition) 

0  -  2.0  (120) 

2.0  (123)  -  12.0  (290) 

General 

Electric 

A2072D 

No  apparent  change  in  rate 

C  -  18.0  (350) 

American 

Optical 

281013 

No  apparent  change  in  rate 
Fixed  rate 

0  -  8.0  (240) 

8.0  (240)  -  17.0  (340) 

Cordis 

Atricor 

No  apparent  change  in  rate 

0  -  18.0  (250) 
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width  (Walter  Reed  Army  Institute  of  Research)* 


Pacemaker 

Effects 

prf  (in  pps) 

Medtronic 

5842 

Fixed  rate 

Cutoff  (inhibition) 

360  -  36 

36  -  20 

Medtronic 

5e42 

No  apparent  change  in  rate 
Cutoff  (inhibition) 

360  -  40 

40  -  20  {290  V./m.) 

General 

Electric 

A2072D 

No  apparent  change  in  rate 

360  -  20 

American 

Optical 

231013 

No  apparent  change  in  rate 
Cutoff  (inhibition) 

360  -  35 

35  -  20  (370  V./m.) 

Cordis 

Stanicor 

No  apparent  change  in  rate 

360  -  20 

Cordis 

Atricor 

Steady  rate  between  50  and 

120  bpmt 

360  -  20 

*  Transmitter  prf  was  gradually  decreased  from  360  -  20  pps  while  E-field 

was  maintained  at  a  high  level  (-v360  V./m.)  throughout  this  test. 

*  Pacemaker  rate  gradually  increased  from  60  -  100  bpm. 
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TABLE  XI 


on  race  makers  tested  at  3050  MHz.  120  pps. 

and  5  msec,  pulse  width 

(Walter  Reed  Army  Institute  of  Research) 

Pacemaker 

Effects 

2 

am  ./cm,  (V./m.) 

Medtronic 

5842 

No  apparent  change  in  rate 

Fixed  rate 

0-0.1  (25) 

0.1  (25)  -  20  (350) 

General 

Electric 

A2072D 

No  apparent  change  in  rate 

0  -  16  (320) 

American 

Optical 

281013 

Steady  rate  between  SO  and 

12C  bpm* 

0  -  20  (350) 

Cordis 

Stanicor 

Steady  rate  between  50  and 

120  bpmt 

0  -  19  (340) 

Cordis 

Atxicor 

No  apparent  change  in  rate 

0  -  19  (340) 

*  Pacemaker  rate  gradually  increased  from  54  -  72  bpm. 
t  Pacemaker  rate  gradually  increased  from  68  -  75  bpm. 


TABLE  XU 


Effects  op  pacemakers  tested  at  SOSO  MHz.  120  oos.  aadjggO  V./«. 
(Walter  Heed  jng  Institute  of  Research)* 


Paceaakor 


Effects 


Pulse  width 


Medtromc 

$842 

General 

Electric 

A2072D 


Fixed  rate 


No  apparent  change  in  rate 


American 

Optical 

281013 


Steady  rate  between  50  and 
120  bpnt 


>  5  sasec.  -  3  Jisec. 


Cordis  Steady  rate  between  50  and 

Stamcor  120  bpnt* 


Cordis 

Amcor 


Steady  rate  between  50  and 
120  bpm* 


J 


*  Transmitter  pulse  width  was  gradually  decreased  from  5  msec,  to  3  Jisec. 

while  maintaining  a  large  E-field  (♦360  V./m.)  throughout  this  test, 
t  Pacemaker  rate  gradually  decreased  from  72  -  54  bpm. 

*  Pacemaker  rate  gradually  decreased  from  75  -  68  bpm. 

*  Pacemaker  rate  gradually  increased  from  60  -  100  bpm. 
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